A B S T R A C T Experimental myocardial ischemia pro
A B S T R A C T Experimental myocardial ischemia produced in dogs by proximal left anterior descending coronary artery ligation is accompanied by relatively rapid (1 h) increases in the number of (-) PH]dihydroalprenolol binding sites without changing their dissociation constants in ischemic left ventricular tissue. The changes persist for at least 8 h and are accompanied by marked decreases in myocardial tissue ischemic region norepinephrine content. In contrast, in the same canine model 1 
INTRODUCTION
Previous studies have demonstrated that clamping or transection of the aorta in dogs (1, 2) and rats (3, 4) , and coronary artery ligation in dogs, (5) , baboons (6) , and cats (7) increases cyclic AMP (cAMP)l levels in myocardium. This increase is prevented by beta receptor blockade (1-4).
It has been suggested that increases in cAMP levels in ischemic tissue occur in association with the development ofventricular fibrillation (6, 7) . In dogs with distal coronary artery ligations that do not develop ventricular fibrillation, cAMP levels in ischemic tissue are reported not to rise (6) .
Increases in cAMP levels in ischemic myocardial tissue might be caused by an alteration in the number or affinity of cardiac beta adrenergic receptors. However, it has also been reported that when myocardial ischemia is prolonged for more than an hour, depletion of myocardial norepinephrine content occurs (8, 9) (14) . In brief, 7-10 g of heart tissue was minced in 70-100 ml of cold buffer (25% sucrose, 5 mM Tris HCI, pH 7.4, and 1 mM MgCl2). The mince was homogenized in a polytron PT1O for three 5-s bursts with cooling in between. The homogenate was centrifuged at 1,000 g (max) for 10 min at 4°C. The pellet was discarded and the supernatant centrifuged at 39,000 g (max) for 10 min. For the DHA binding studies the pellet was washed twice in cold incubation buffer (50 mM Tris HCI, pH 7.5, and 10 mM MgCl2) and finally suspended in buffer containing 75 mM Tris HCl, pH 7.5, and 25 mM MgCl2 at 3-6 mg protein/ml. For the QNB binding studies the pellet was washed twice with 50 mM potassium phosphate buffer, pH 7.4, and finally suspended in the same buffer at 3-6 mg protein/ml.
The membrane preparations were assayed for DHA binding as described (12, 13) . 0.1 ml membrane suspensions were incubated for 10 min at 37°C with varied concentration of DHA (0.3-15 nM) in a total vol of 150 ,ul. Final concentrations of Tris and MgCl2 were 50 and 17 mM, respectively. Incubations were terminated by diluting the incubation mixture with 2 ml of ice-cold incubation buffer and rapid vacuum filtration through Whatman GF/C filters '(Whatman Inc., Clifton, N. J.).
The filters were immediately washed with 10 ml of ice-cold incubation buffer. Filters were air dried overnight, and placed in a scintillation cocktail (Aquasol 2; New England Nuclear, Boston, Mass.) and radioactivity measured in a Packard liquid scintillation spectrometer (Packard Instrument Co., Downers Grove, Ill.) at an efficiency of 40%. In each experiment nonspecific binding to the membranes was determined by measuring the amount of radioactivity retained on GF/C glass fiber filters when incubations were performed in the presence of 10 ,uM (±) propranolol. QNB binding was measured as described by Fields et al. (14) . 0.1-ml membrane suspensions were incubated for 40 min at 37°C with varied concentrations of QNB (10-200 pM) in a total vol of 2 ml. Incubations were terminated by rapid vacuum filtration through Whatman GF/C filters. The filters were immediately washed with 10 ml of ice-cold 50 mM potassium phosphate buffer pH 7.4 and the subsequent procedures were followed as stated above. Nonspecific binding was determined in separate experiments by measuring the radioactivity retained on GF/C filters in the presence of 1 ,uM atropine. Specific binding was determined by subtracting nonspecific from total binding. Using these direct binding methods, the number and affinity of DHA and QNB binding sites in membranes were analyzed according to Scatchard (16) fitting the regression lines by the method of least squares. Five to six data points were obtained for the Scatchard analysis. Each determination was done in duplicate (and often in triplicate) and the r value ofthe line drawn was always within 0.80-0.95. Specific binding for DHA was 40-60% oftotal binding depending upon the concentration of DHA used. The specific binding of QNB was 70-90% of the total binding. The exact amount of DHA or QNB specifically bound was relatively less at the highest concentrations of the ligand used.
Protein concentration in the membrane fractions was measured by the Lowry method (17) . Total protein concentrations in the crude membrane preparations were measured in all experiments. In four experiments, in which LV ischemic and nonischemic tissue were obtained from canine hearts with 1 h of proximal LAD occlusion, mitochondrial protein concentration was also measured.
To test if the binding of DHA to membrane was activated by detergent treatment, a nonionic detergent, Lubrol-PX (Sigma Chemical Co., St. Louis, Mo.) was incubated with the crude homogenates at different ratios of protein to detergent (1:0.1-1:4) for 10 min at 37°C. Specific DHA binding was then determined as mentioned above.
Norepinephrine content in heart tissue was measured spectrofluorometrically according to the method of Chang (18) . In brief, tissue protein was precipitated with perchloric acid and catecholamine was adsorbed on alumina. Catecholamine was eluted with acetic acid and oxidized with iodine. Norepinephrine content was determined (activation at 385 nm and emission at 485 nm) using the Aminco Bowman spectrofluorometer (American Instrument Co., Travenol Laboratories Inc., Silver Spring, Md.) The minimum amount of norepinephrine in tissue that gives a fluorescence reading twice that of tissue blank is -10-20 ng. (Table I) . Proximal LAD ligation for 1, 3, and 8 h also resulted in a significant decrease in the norepinephrine content in the LV ischemic region (Fig. 1) . However, there was not a clear relationship between the magnitude of decrease in tissue norepinephrine content and the increase in DHA binding sites in animals with experimental coronary artery occlusions for 15 min or 1 h (Fig. 1) .
RESULTS

Proximal
In seven additional canine hearts with proximal LAD occlusions for 1 h both DHA and QNB binding were determined. DHA Another possibility is that the increase in receptor numbers is an example of "up-regulation" of receptor numbers in response to decreased tissue catecholamine levels. Such increases in a-receptor numbers in brain and heart have been described when tissue catecholamines are depleted by such agents as 6-hydroxydopamine or guanethidine (21, 22 The present studies appear to identify an increase in the number of beta adrenergic receptors in the ischemic region of the canine LV after 1 h of proximal LAD ligation, but additional studies will be necessary to identify the mechanism(s) responsible for the increased beta adrenergic receptor numbers and the pathophysiological consequences and implications of this phenomenon.
